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INTRODUCTION
The restriction site mutation (RSM) assay is a technique which allows the study of potential mutagenicity of environmental chemicals (1) (2) (3) (4) . The effect of mutagens on unique restriction sites in any gene of a known sequence can be determined by eliminating the majority of wild-type sequences by cutting the sequence at specific restriction site. Two basic methods are combined in the RSM assay for the isolation of sequences resistant to digestion occurring in restriction enzyme recognition sites and subsequent amplification of insensitive restriction enzyme sequences using polymerase chain reaction (PCR). The quantitation of insensitive restriction enzyme recognition sequences is an important requirement for the application of RSM assay.
Quantitation of reaction products in PCR is generally considered unreliable because the amount of PCR product increases exponentially with each cycle of amplification. Therefore, minute differences in any of the variables that affect the efficiency of amplification can dramatically alter product yield (5) . Several factors affect the kinetics of each amplification.
These include the length of the PCR product (5), the primer efficiency (6), initial amount of DNA (7), and the reaction conditions (8) . Precise quantification of PCR products can potentially be achieved by the use of an internal standard molecule. Competitive PCR is quantitative adaptation of the PCR method in which a known number of copies of a synthetic mutated internal standard is introduced to the sample into the PCR reaction mixture (9) .
The internal standard is amplified with the same primers as the target sequence, and is distinguished from the target sequence either by size, restriction endonuclease cleavage, or specific hybridisation.
To circumvent the problem of variability in the efficiency of amplification, the inclusion of an internal standard to the RSM assay may provide reliable and aid in the absolute quantitation of resistant RSM products. In this study, internal standard RSM assay approach was performed on the N-methyl-7V-nitrosourea (MNU) induced mutations in the H-ras gene exon 1 fragment in order to quantify accurately the resistant RSM products. The principal of this approach is outlined in Figure 1 . 
MATERIALS AND METHODS
Experimental animals
The RSM assay was performed on male rats. The MNU treatments were carried out in Laboratory for Carcinogenesis and Mutagenesis, National Institute of Public Health and Environmental Protection, Bilthoven, The Netherlands. Groups of two rats (200-240 g) were exposed to 20 mg (2 rats), and 60 mg (2 rats) of MNU per kg body weight, by LP. injection.
Control animals (2 rats) were given phosphate-buffered saline (PBS). All the animals were sacrificed 7 days later. After sacrifice the rats were dissected and the brain, kidney, liver, pancreas, spleen and testis were removed and stored -70°C until DNA extraction.
DNA extraction
Genomic DNA was extracted using a standard proteinase K, phenol/chloroform method (10) . The concentration of each DNA sample was quantitated by UV spectroscopy. The extracted DNA purity was determined from the absorbance ratio at 260 and 280 nm.
PCR primers for amplification of the H-ras gene
PCR primers for DNA amplification were selected by using the Primer Software Package available on Seqnet (SERC Daresbury Laboratories). Oligonucleotide sequences were designed to amplify a 105 bp fragment around exon 1 of H-ras gene. The selected primer sequences were as follows:
Reverse (antisense) primer: 5'-AATGGTTCTGGATCAGCTGG-3'.
The reverse primer was synthesized on an Applied Biosystems Model 391 DNA Synthesiser. The forward primer, which was fluorescein labelled, was obtained from Pharmacia.
Construction of an internal standard
The internal standard molecule was constructed with the same sequence of target fragment but the HindIII and Cfol restriction endonuclease recognition sites were deleted, and a
Rsal restriction endonuclease recognition site was created in the middle of the molecule. It was 21 bases shorter than the target fragment. The synthetic molecule was then synthesized as described above. The H-ras exon 1 and the internal standard sequences were as follows:
The H-ras exon 1 sequences: 105 bp 5'-GT TTG GCA ACC CCT GTA GAA GCG ATG ACA GAA TAC AAG CTT* GTG GTG GTG GGC GCT** GGA GGC GTG GGA AAGAGT GCC CTG ACC ATC CAG CTG ATC CAG AACCATT -3' 
Cloning of the internal standard molecule
In order to provide similar amplification features with the genomic target, the internal standard was cloned using The Original TA Cloning Kit (Invitrogen). This kit provides a quick, one-step cloning strategy for the direct insertion of a PCR product into a plasmid vector (11).
I. Producing PCR products of synthetic molecule
The PCR reaction was applied to the several dilutions of synthesized internal standard molecule. Aliquots (5 1 The final PCR products were characterised by resolving 10 1 aliquots by 6% polyacrylamide gel electrophoresis (PAGE) and stained with silver.
II. Cloning of the PCR amplified internal standard molecule
All cloning procedures (ligation, transformation) were carried out according to the manufacturer's recommendations. Flow chart of the experimental process is given in Figure 2 . 
III. Quantitation of plasmids
After cloning, the plasmids which contain internal standard molecules were isolated using the QIA Prep-Spin Plasmid Purification Kit. The purified plasmids were then quantified using a Beckman DU-65 spectrophotometry by the measurement of optical density at 260 nm and were found to have concentration of 3.91 x 10 10 copies per 1.
RSM assay with the internal standard molecule 17 1 of PCR products were then subjected to a second round of HindIII digestion at 37°C overnight. 10 J of the RSM products consisting of the amplified internal standard molecule were mixed with 2 1 of loading buffer and electrophoresed on 6% polyacrylamide gel and stained with silver.
Electrophoresis of resistant RSM products
The remaining resistant endonuclease recognition sequences were quantitated using the Automated Laser Fluorescent ALF DNA Sequencer (Pharmacia). 
RESULTS
In order to quantify the recognition sequences of resistant restriction endonuclease, the internal standard molecule was used for the RSM assay. The assay was performed on H-ras gene of exon 1 fragment of MNU treated rats.
After synthesizing, the internal standard was amplified with the same primer pair of the 
DISCUSSION
The aim of this study was to develop a method to quantify resistant restriction endonuclease recognition sequences accurately by using the RSM assay. Quantification was achieved by using an internal standard molecule in the amplification step of the RSM assay. observed on DNA extracted from untreated control animals. This indicates that the background mutation frequency was less than 5.8 x l0 -7 , assuming that 1 mg of mammalian genomic DNA contains 3 x 10" 5 copies of single copy gene (13) . The average spontaneous mutation frequencies is estimated to be 10 -8 -10 -10 mutations per base pair and these frequencies may only increase by 10-10000 fold after exposure to a mutagen (14) . Thus, a mutagen compound's mutation frequency may be in the order of 10 -4 -10 -6 . The MNU induced mutation frequency, calculated to be 10 -5 in this study, was consistent wit the expected figure.
In order to precisely quantify resistant restriction endonuclease recognition sequences, the internal standard molecules was included in the RSM assay in this study. The results presented in this paper suggest that the internal standard introduced into the RSM assay approach can provide accurate quantitation of small numbers of base changes in the restriction endonuclease recognition sequences and can be applied to any gene sequence of any tissue.
